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Flood  Mitigation  Planning  Using  HEC-SAM^ 

Darryl  W.  Davis,  Member,  ASCE” 

ABSTRACT:  Flood  control  and  flood  plain  management  investigations  us¬ 
ing  spatial  data  management  techniques  are  increasing  in  the  Corps  of 
Engineers.  Pilot  studies  initiated  in  the  mid-1970's  were  successful 
in  consolidating  analysis  concepts,  fostering  the  development  of  spatial 
data  file  creation  and  management  technology  and  enhancing  the  consider¬ 
ation  of  existing  and  alternative  future  development  patterns  in  Corps’ 
planning  studies.  Over  30  studies  using  HEC-SAM,  the  Corps'  spatial 
data  management  system,  are  now  completed  or  underway.  HEC-SAM  was 
created  through  selective  acquisition  of  commercial  software,  adaption 
of  academic  research  products,  and  development  by  researchers  at  the 
Corps'  Hydrologic  Engineering  Center  (HEC).  The  HEC  role  continues  to 
be  that  of  system  developer  and  technology  transfer  agent.  The  evolu¬ 
tion,  present  capabilities,  and  applications  of  HEC-SAM  are  described. 
Observations  are  offered  on  spatial  technology  development,  implemen¬ 
tation,  and  servicing. 

SPATIAL  DATA  MANAGEMENT  SYSTEM 


Overview 


The  HEC-SAM  system  was  initially  created  to  provide  an  analytical 
tool  and  analysis  structure  that  would  permit  district  offices  of  the 
Corps  of  Engineers  to  provide  comprehensive  planning  assistance  to  lo¬ 
cal  governmental  units  in  decisions  related  to  flood  plain  management 
(1) .  It  has  evolved  into  a  general  purpose  spatial  data  file  focused 
procedure  with  applications  in  more  traditional  planning  studies  in 
coastal  regions  as  well  as  river  basins.  Elements  of  technical  analy¬ 
sis  provide  the  capability  to  assess  hydrologic,  flood  damage,  and  en¬ 
vironmental  consequences  of  development  situations  reflected  by  altern¬ 
ative  land  use  patterns  and  water  management  works,  perform  wildlife 
habitat  evaluations  such  as  the  U.  S.  Fish  and  Wildlife  Habitat  Evalu¬ 
ation  Procedure,  perform  boolean  and  overlay  analysis,  and  produce  a 
variety  of  computer  graphics.  The  planning  environment  which  the  sys¬ 
tem  is  designed  to  service  encompasses  the  present  mission  areas  of  the 
Corps  with  special  focus  on  urban  areas. 

The  general  analytical  strategy  that  comprises  HEC-SAM  is  to:  a) 
assemble  and  catalog  basic  geographic  and  resource  information  into  a 


^Presented  at  the  June  1980  Surveying  and  Mapping  Division  Specialty 
Conference,  Denver,  Colorado. 
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computer  data  bank,  b)  forecast  and  place  Into  the  data  bank  selected 
alternative  future  development  patterns,  formulate  an  array  of  manage¬ 
ment  alternatives,  c)  perform  comprehensive  assessments  of  the  develop¬ 
ment  scenarios  of  interest,  and  d)  recycle  for  additional  alternatives. 

The  system  has  emerged  from  the  pilot  study  stage  where  it  was 
successfully  applied  in  several  studies  of  the  type  for  which  it  was 
created.  The  pilot  studies  have  proved  HEC-SAM  to  be  sufficiently  at¬ 
tractive  and  powerful  enough  for  traditional  Corps'  survey  investigat¬ 
ions  to  make  use  of  major  portions  of  the  technology  in  their  studies. 

System  Characteristics 

Software.  The  HEC-SAM  system  is  comprised  of  a  family  of  data 
management  and  analysis  computer  programs.  Figures  1A  and  IB  present 
a  functional  flow  diagram  of  the  data  management,  analysis,  and  output 
of  HEC-SAM.  The  solid  lines  Indicate  file  transfers  that  are  automated 
and  the  dashed  lines  file  transfers  that  are  presently  under  develop¬ 
ment.  The  capped  labels  in  the  boxes  are  titles  of  individual  computer 
programs . 

The  system  has  three  distinct  functional  elements:  Data  File  Man¬ 
agement,  Data  File  Processing  Interface,  and  Comprehensive  Analysis. 

The  computer  programs  comprising  each  of  these  functional  elements  are 
briefly  described  in  Table  1.  The  data  file  management  element  is  com¬ 
prised  of  the  subfamily  of  computer  programs  required  to  process  raw 
map  or  other  type  data  to  the  grid  cell  format  of  the  general  data 
bank.  The  Data  File  Processing  Interface  element  is  comprised  of 
computer  programs  that  compile  and  reformat  grid  data  retrieved  from 
the  data  bank  into  a  form  procesaable  by  the  general  analysis  computer 
programs . 


TABLE  1 


HEC-SAM  Software  Summary^ 


Data  File  Management 


Description 


AUTOMAP  II  CESRI) 

BANK  (HEC) 

4  VIEW  (WES) 
GRDPLT  (ESRI) 
GRIPS  (ESRI) 

PLYPLT  (ESRI) 


Prints  grey  shade  overprint  maps  and  generates 
grid  data  from  polygon  data. 

Creates  and  manage  files  comprising  grid  cell 
data  bank. 

Provides  plots  of  perspective  views  of  grid  data. 

Provides  pen  plots  of  grid  data. 

Transforms  polygon  data  into  grid  cell  format  and 
enters  it  into  the  data  bank. 

Provides  pen  plots  of  data  variables  that  are  in 
polygon  format. 


V  Parenthesis  notation  indicates  origin— -HEC  (The  Hydrologic  Engineer¬ 
ing  Center)  WES  (Corps'  Waterways  Experiment  Station,  ESRI  (Environ¬ 
mental  Systems  Research  Institute).  The  asterisk  signifies  generalized 
HEC  program. 
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Figure  1A.  Spatial  Data  Management 
Data  File  Management 


Model ing 

Coincident  Tabulation 


TABLE  1  Continued 


REGISTER  (HEC)  Registers  coordinate  system  of  polygon  data  sets 

to  adopted  coordinate  system. 

RIA  (HEC)  Provides  line  printer  grey  shade  overprint  maps 

of  grid  data. 


Data  File  Processing  Interface 

ATODTA  (HEC)  Coordinates  and  manages  economic,  hydraulic,  and 

hydrologic  data  for  input  to  HEC-1. 

DAMCAL  (HEC)  Generates  elevation-damage  data  files  from  grid 

data. 


HYDPAR  (HEC)  Generates  hydrologic,  storm  quality,  and  erosion 

modeling  parameters  from  grid  data. 

SID  (HEC)  Generates  elevation-damage  data  files  from  in¬ 

dividual  structure  data. 


Comprehensive  Analysis 

HEC-1  (HEC*)  Rainfall  runoff  and  flood  damage  model. 

HEC-5  (HEC*)  Reservoir  system  for  flood  control  and  conser¬ 

vation  model. 


EAD  (HEC*) 
RIA  (HEC) 

STORM  (HEC) 


Expected  annual  flood  damage  computation  program. 

Resource  analysis  program  performing  distance 
determinations,  graphics  and  attractiveness 
analysis. 

Urban  storm  water  quality  and  surface  erosion 
model. 


WQRRS  (HEC)  Stream  water  quality  simulation  model. 

HEP  (HEC)  U.  S.  Fish  and  Wildlife  Service  Habitat  Evalu¬ 

ation  Procedure  program. 


The  Comprehensive  Analysis  element  is  comprised  of  the  general¬ 
ized  computer  programs  that  perform  detailed  technical  assessments  us¬ 
ing  the  linked  input  data  files.  These  computer  programs  are  standard 
tools  used  within  the  Corps  that  have  been  modified  to  accept  data 
file  input  as  an  alternative  to  the  usual  card  input  and,  in  a  few  in¬ 
stances,  modified  to  encourage  Increased  systematic  analysis  to  take 
advantage  of  access  to  a  comprehensive  data  bank. 

Hardware. 

The  HEC-SAM  system  basically  operates  on  major  computer  systems. 
The  system  used  during  original  program  development  was  a  major  CDC 
7600  Installation.  The  programs  are  written  in  ANSI  Standard  FORTRAN 
IV  and  are  portable  between  major  computer  systems.  The  programs  are 
maintained  for  access  by  users  on  the  LBC  system  in  Berkeley,  Califor¬ 
nia,  and  on  the  Boeing  Computer  Services  System,  also  a  CDC  installat¬ 
ion.  The  Data  File  Management  and  Data  File  Processing  Interface 
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programs  do  not  require  the  storage  and  computer  speed  of  the  major  pro¬ 
grams  and  thus  could  be  easily  operated  on  minicomputer  systems.  The 
comprehensive  analysis  programs  presently  require  the  core  size  and 
execution  speed  of  major  computer  systems  to  be  used  efficiently  and 
effectively. 

Input.  Analysis  and  Output.  Tne  system  envisions  that  tiie  basic 
spatial  data  that  is  normally "used  in  map  form  during  planning  studies 
would  be  processed  into  a  spatial  data  file  by  application  of  the  vari¬ 
ous  Data  File  Management  programs.  The  specific  programs  used  would  de¬ 
pend  upon  the  form  of  the  digitized  data,  e.g.,  point,  grid,  contour 
or  polygon,  remotely  sensed  (classified  LANDS/T),  or  existing  computer 
files.  Analysis  is  performed  for  a  selected  condition,  (e.g.,  a  pro¬ 
jected  land  use  pattern  with  a  certain  flood  hazard  zoning  policy  or 
project)  by  processing  the  proposal  into  the  data  bank  as  a  new  (or 
modified)  variable  and  successively  executing  the  Interface  and  Com¬ 
prehensive  Analysis  programs.  The  program  executions  would  be  depend¬ 
ent  upon  the  proposal  that  is  under  investigation. 

The  analysis  programs  require  specific  input  data  (external  from 
the  data  bank)  such  as  the  hydrologic  topology  of  the  study  area, 
stream  geometry,  precipitation,  relationship  between  land  use  and  run¬ 
off,  damage  potential,  etc.  The  Initial  modeling  calibration  data  is 
prepared  conventionally,  based  on  observed  data  supplemented  by  param¬ 
eters  generated  from  the  data  bank  and  then  the  calibration  data  is 
used  as  the  mechanism  for  forecasting  the  change  in  modeling  parameters 
that  would  result  from  changed  conditions  or  proposals. 

The  output  includes:  a)  grid  map  graphic  displays  of  the  data 
variables,  and  results  of  attractiveness  and  impact  analysis;  and 
b)  detailed  numeric  printout  of  runoff  hydrographs,  flow  exceedance 
frequency  relationships,  expected  annual  damage,  storm  pollutographs, 
wildlife  habitat  unit  values  with  and  without  proposals,  and  time 
traces  of  erosion  and  a  range  of  water  quality  parameters  for  existing 
and  selected  alternative  future  development  patterns.  The  output  cor¬ 
responds  to  the  complete  range  of  technical  output  of  comprehensive 
flood  plain  assessments.  Higher  quality  graphics  can  be  generated  from 
grid  and  polygon  files  if  desired. 

Resolution  and  Accuracy.  A  major  purpose  in  creation  of  HEC-SAM 
was  to  cause  consistent,  systematic  analysis  of  future  development  to 
be  performed  in  traditional  functional  areas  (and  to  a  great  extent 
using  traditional  analysis  concepts  and  tools)  with  a  common  data  set. 
The  level  of  detail  and  accuracy  of  final  analysis  was  to  be  consistent 
with  traditional  methods  The  cell  size  for  the  data  base  has  the  domi¬ 
nant  Influence  on  the  resultant  level  of  output  detail.  Hydrologic  com¬ 
putations  can  comfortably  use  rather  coarse  grid  sizes  (4  to  10  hect¬ 
ares)  and  relatively  few  categories  of  major  variables  (for  example  4 
to  S  land  use  classes) .  Environmental  analysis  does  not  seem  to  be 
more  greatly  demanding  in  detail  of  data  resolution  than  required  for 
hydrologic  analysis,  although  some  habitat  analysis  may  require  as 
many  as  15  or  more  cover  types  to  be  separately  encoded  for  the  natural 
areas.  Flood  damage  calculations  require  accurate  terrain  resolution 
within  the  flood  plain  and  quite  extensive  land  use  categorization  (up¬ 
wards  of  20  classes).  Grid  cells  as  small  as  1/8  hectare  have  been 
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used  in  sharply  breaking  topography,  whereas,  in  more  gentle  terrain, 
cells  of  2  hectares  were  acceptable.  In  the  flood  plain  area,  the  ter¬ 
rain  variation  resolution  requirements  for  flood  damage  analysis  dic¬ 
tates  the  appropriate  grid  cell  size.  The  present  state  of  HEC-SAM 
does  not  permit  variable  grid  cell  size  being  simultaneously  stored  in 
the  data  banks  so  that,  generally,  the  terrain  in  the  flood  plain  of  the 
study  area  dictates  the  size  of  the  grid  cells  for  all  data  variables. 
Many  studies  have  constructed  two  data  banks — a  coarse  grid  file  cov¬ 
ering  the  entire  study  area  that  is  used  for  basin-wide  analysis  and  a 
fine  grid  file  that  is  used  for  detailed  flood  plain  studies.  Activi¬ 
ty  is  underway  (Figure  1A)  to  Include  the  variable  resolution  (as  well 
as  terrain  modeling  advantages)  of  irregular  triangular  grid  structure 
in  the  HEC-SAM  system. 

Analysis  Capabilities 

The  general  capability  of  HEC-SAM  is  to  provide  a  comprehensive 
systematic,  assessment  of  alternative  development  patterns  and  flood 
mitigation  plans  in  the  functional  areas  of  flood  hazard,  flood  damage 
and  environmental  status.  A  listing  of  the  more  commonly  used  capabil¬ 
ities  in  each  of  these  areas  would  include: 

Flood  Hazard.  HEC-SAM  will  evaluate  the  following  prespecified 
alternatives  for a  specific  storm  event  (such  as  the  100-year  exceed¬ 
ance  interval  event)  or  a  range  of  storm  events  (development  of  flow 
and/or  elevation  exceedance  frequency  relationship)  at  any  or  all 
selected  important  locations  within  a  study  area. 

.  Changed  land  use  patterns 
.  Changed  drainage  system 
.  Flood  plain  occupancy  encroachments 
.  On-site  water  management  strategies 
.  Engineering  works  of  levees,  channel  modifications, 
reservoir  storage  and  flow  rerouting 
.  Water  management  practices 

Flood  Damage.  HEC-SAM  will  evaluate  the  dollar  damages  for  a  spe¬ 
cific  event  (such  as  the  100-year  exceedance  interval  event)  and  the  ex¬ 
pected  value  of  annual  damages  for  each  designated  location  in  the 
study  area  and  each  damage  category  (residential,  commercial,  etc.)  for 
the  following: 

.  Changed  flood  plain  occupancy 

.  Changed  watershed  runoff  such  as  from  changed  land  use 
.  Changed  stream  conveyance  such  as  from  flood  plain  en¬ 
croachment 

.  Changed  structural  construction  practices 
.  Alternative  development  control  policies 
.  Changed  value  of  flood  plain  structures 
.  Modified  structure  damage  potential  such  as  from  flood¬ 
proofing 

.  Effects  of  engineering  flood  control  and  drainage  works 
of  levees,  channels,  reservoirs,  and  diversions 

Environmental .  HEC-SAM  will  perform  a  variety  of  environmental 
evaluations  for  the  alternatives  and  conditions  described  in  Flood 
Damage  above.  The  evaluations  that  can  be  performed  are: 
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.  Forecast  changes  In  habitat  units  by  wildlife  species  and 
the  ecosystem 

.  Catalog  environmental  habitat  changes  from  changed  land 
use  (coincident  analysis) 

.  Forecast  changes  in  land  surface  erosion  and  transport  for 
land  use  and  engineering  works  changes 
.  Forecast  changes  in  runoff  quality  from  changed  land  use 
.  Forecast  changes  in  stream  water  quality 
.  Develop  first  order  attractiveness  and  Impact  spatial 
displays 

.  Identify  enriched  habitat  zones  by  ecotone  analysis 
PROJECT  APPLICATIONS 

HEC-SAM  was  developed  to  service  a  series  of  pilot  studies  which 
were  designed  to  test  the  basic  concepts  of  a  broadened  community  ser¬ 
vice's  oriented  type  of  investigation  which  was  under  study  by  Corps' 
management.  The  studies  are  referred  to  as  Expanded  Flood  Plain  Infor¬ 
mation  Studies  (XFPI) .  The  original  pilot  study  (Oconee  River  Basin 
and  several  of  a  second  generation  of  pilots  are  completed.  These 
studies  were  designed  to  confirm  concepts.  A  third  generation  of  XFPI 
studies  is  nearing  completion.  These  were  undertaken,  to  test  the  geo¬ 
graphic  transferability  of  the  techniques.  A  group  of  Corps'  regular 
planning  studies  using  HEC-SAM  have  been  initiated  this  past  year. 
Publications  are  available  describing  the  research  efforts  for  the 
pilot  studies  (1),  (3),  (4),  (5),  documenting  the  initial  pilot  study 
findings  and  documenting  completed  field  applications  (6),  (7),  (8). 
Table  2  lists  Corps'  studies  that  involve  substantial  use  of  spatial 
data  management  techniques.  The  responsible  field  office  of  the  Corps 
should  be  contacted  for  up-to-date  information  on  the  progress  of  the 
study. 

Published  results  from  the  Trail  Creek  watershed  pilot  study  are 
presented  to  illustrate  the  nature  of  the  products  which  may  be  gener¬ 
ated  from  HEC-SAM  focused  studies. 

TABLE  2 

APPLICATIONS  OF 


SPATIAL  DATA  MANAGEMENT  TECHNIQUES 


Study  (Basin 

XFPI's 

Corps  District 

Status 

Oconee  Basin 

Savannah 

Complete 

Rowlett  Creek 

Ft.  Worth 

Complete 

Boggy  Creek 

Jacksonville 

Complete 

Pennypack  Creek 

Philadelphia 

FY  80  completion 

Crow  Creek 

Rock  Island 

M 

•1  II 

Wolf  River 

Memphis  (WES) 

(1 

It  It 

Sonoma  Creek 

San  Francisco 

It 

tl  It 

Sewickley  Creek 

Pittsburg 

It 

tt  •• 

Walnut-Williamson  Creeks 

Ft.  Worth 

It 

It  It 

Willow  Creek 

Alaska 

It 

It  tt 
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TABLE  2  Continued 


Study  (Basin) 


Corps  District  Status 


Survey/Phase  I  Pilots 

Kissimmee  Basin 
Walnut  Creek 
Conley  Creek 
Upper  Clinton  River 
Tallaboa  River 

Other  Active  Planning 
Studies 

Passaic  Basin 
Salt  River 
Ocean  City 
Tucson 

Harding/ Cahokia 
Upper  Roanoke/Dan  Basin 
Mbrrison  Creek 
Mississippi  Sound 
Raritan 

Delaware  Basin 

Miscellaneous 

Completed 

San  Francisco/San  Pablo 
Bays 

Upper  Russian  River 
Lake  Erie  Waste  Water 
Mgmt. 

Santa  Ana  River  Basin 


Jacksonville 
Ft.  Worth 
Savannah 
Detroit 

Jacksonville/San  Juan 


Underway 
Underway 
Initiated 
Soon  to  begin 
Initiated 


New  York 

Los  Angeles  (Phoenix) 

Baltimore 

Los  Angeles 

St.  Louis 

Wilmington 

Sacramento 

Mobile 

New  York 

Philadelphia 


Well  underway 

Underway 

Advanced 

Initiated 

Underway 

Completed 

Initiated 

Initiated 

To  begin  soon 

To  begin  soon 


San  Francisco  Completed 

San  Francisco  Completed 


Buffalo  Completed 

Los  Angeles  Completed 


Trail  Creek  drains  12  square  miles  of  the  Oconee  watershed  and 
Includes  a  portion  of  the  city  of  Athens,  Georgia,  in  its  lower 
reaches.  The  test  area  at  the  time  of  study  (1976)  was  about  10  per¬ 
cent  urban  and  expected  to  grow  to  20  to  30  percent  urban  by  1990. 

The  data  bank  created  for  Trail  Creek  included  15  data  variables  at  a 
grid  cell  size  of  0.6  hectares  (1.53  acres). 

Flood  Hazard 


Table  3  displays  selected  results  of  evaluating  the  alternative 
conditions  indicated.  Note  that  the  flow  rate  increase  for  each  of 
the  specified  exceedance  intervals  is  less  in  proportion  for  the  rarer 
events.  Note  also  that  the  flow  rate  change  for  the  100-year  event  is 
different  between  control  points  and  that  the  change  in  flood  elevation 
is  not  directly  proportional  to  the  change  in  flow.  Study  of  the  table 
indicates  that  the  hydrologic  consequences  of  land  use  changes  are  com¬ 
plex  and  require  careful,  professional  analysis. 
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TABLE  3 

HYDROLOGIC  DATA  SUMMARY 
TRAIL  CREEK  TEST 

100-YEAR  PEAK  FLOW  AND  ELEVATION 


Index 

Existing  Land  Use 

1990  Land  Use 

Station 

Flow  (cfs) 

Elevation 

Flow  (cfs) 

Elevation 

1 

7600 

627.1 

9300 

628.3 

3 

2600 

711.9 

2900 

712.2 

5 

1600 

964.2 

1650 

964.3 

FLOW— EXCEEDANCE  INTERVAL  DATA 

(cfs) 

Exceedance 

Sta.  1 

Sta. 

3 

Interval 

(yr.) 

Exist  1990 

Exist 

1990 

5 

2000  2800 

800 

960 

10 

3000  3900 

1100 

1300 

25 

4400  5600 

1600 

1850 

50 

5800  7300 

2100 

2350 

100 

7600  9400 

2700 

3000 

Flood  Damage 

Table  4  summarizes  Che  expected  annual  damage  assessments  for  a 
range  of  hydrologic  conditions  and  land  use  control  policy  sets  for  the 
three  damage  reaches  within  Che  Trail  Creek  watershed  that  sustains 
significant  damages.  The  1990  land  use  condition  is  a  projection  based 
on  a  local  agency  judgment. 


TABLE  4 

SELECTED  DAMAGE  ASSESSMENTS 
TRAIL  CREEK  TEST 

(Expected  Annual  Damage  in  1000 's  $) 


EVALUATION  CONDITIONS 


CODE 

LAND  USE  POLICY 

HYDROLOGY 

1 

2 

3 

TOTAL 

I 

Existing 

Existing 

(1974) 

1.5 

1.9 

11.9 

15.3 

X 

1990  with  no  devel¬ 
opment  controls 

1990 

1033.3 

350.0 

37.7 

1416.0 

IV 

1990  with  new  devel¬ 
opment  at  1974  100- 
year  flood  level 

1990 

19.3 

63.8 

23.8 

106.9 

V 

1990  w/new  devel. 

@  1974  100-year 
&  floodproofed 
to  ground  floor 

1990 

16.8 

18.9 

4.7 

40.4 

VIII 

1990  w/new  devel.  @ 

1990 

11.9 

16.0 

2.8 

30.7 

1990  100-year  &  flood- 
proof  to  ground 
floor 
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The  results  may  at  first  glance  be  difficult  to  understand.  An 
initial  reaction  sight  be  that  the  evaluation  condition  of  placing  new 
development  at  the  existing  100-year  flood  (CODE  IV)  should  be  similar 
to  the  existing  condtion  (CODE  1) .  The  large  Increase  in  expected  an¬ 
nual  damages  is  caused  by:  a)  damage  occurring  to  the  basements  of  new 
construction,  b)  the  100-year  flood  for  the  1990  land  use  condition  is 
higher  than  the  100-year  flood  for  the  existing  land  use  condition, 
and  c)  damage  still  occurs  to  the  new  development  from  flood  events 
that  exceed  the  100-year  event.  Several  other  evaluations  that  Include 
a  number  of  alternative  management  and  floodproofing  policies  are  in¬ 
cluded  to  demonstrate  the  broad  capability  of  the  spatial  data  manage¬ 
ment  techniques  as  well  as  present  some  interesting  evaluations. 

The  nonstructural  flood  plain  management  evaluations  that  may  be 
accomplished  using  HEC-SAM  are  described  in  (4) .  A  recent  innovation 
has  been  directly  interfacing  the  individual  structure  processing  pro¬ 
gram  (SID  Figure  IB)  with  the  spatial  program  (DAMCAL),  thus  permitting 
detailed  assessment  of  Individual  unique  structures  while  evaluating  a 
given  land  use  condition. 

Environmental 

The  RIA  Program  has  formed  the  central  focus  of  environmental  anal- 
sis.  The  RIA  Program  contains  the  traditional  distance  determination 
(centroid  to  centroid),  impact  assessment  (five  levels),  attractiveness 
modeling,  coincident  tabulations,  and  computer  line  printer  graphics 
(22  map  levels).  Processing  is  controlled  by  an  executive  routine  that 
manages  the  intermediate  data  files  in  a  manner  that  is  transparent  to 
the  user. 

A  common  application  has  been  to  use  the  coincident  tabulation 
capability  to  tabulate  acreages  and  percentages  of  the  coincident  of 
the  classes  of  two  data  variables  within  the  data  classes  of  a  third 
data  variable.  The  third  data  variable  is  usually  a  boundary  variable 
(census  tract,  township,  watershed,  damage  reach).  The  coincident 
tabulation  results  are  used  as  basic  data  for  the  construction  of 
narrative  Impact  scenarios  based  on  the  habitats  lost  from  the  change 
in  land  use  pattern. 

Other  applications  have  included:  a)  identification  and  analysis  of 
ecotone  or  habitat  fringe  areas,  b)  identification  of  habitat  areas  im¬ 
pacted  by  changes  in  flood  elevation-frequency,  c)  generation  of  model¬ 
ing  parameters  for  quality  and  sediment-erosion  analysis  by  the  STORM 
program.  A  most  recent  application  has  been  the  computation  of  time 
history  scenarios  of  wildlife  habitat  unit  changes  resulting  from  land 
use  changes  or  management  actions. 

Computer  Graphics 


Computer  graphics  have  been  used  extensively  in  several  phases  of 
the  HEC-SAM  focused  studies.  The  primary  uses  have  been  for  data  veri¬ 
fication  during  encoding  activities,  data  bank  variable  verification, 
and  graphic  display  analysis  results.  Table  1  briefly  describes  the 
graphic  sofware  currently  supported  by  HEC  (RIA,  AUTONAP  II,  GRDPLT, 
PLYPLT,  4-VIEW). 


There  is  a  heavy  reliance  on  line  printer  graphics  for  working 
maps.  Final  report  graphics  are  often  pen  plots  but  not  always.  In¬ 
novative  use  of  color  by  creating  separations  made  from  successive  line 
printer  maps  have  proven  to  be  quite  acceptable.  Studies  that  rely  on 
line  printer  working  maps  should  select  grid  cells  that  are  propor¬ 
tioned  to  the  size  of  a  computer  line  printed  character  to  avoid  pro¬ 
ducing  distorted  printer  maps.  Common  cell  sizes  have  been  either  1.15 
or  1.53  acres  (depending  on  printer  spacing). 

The  pen  plot  programs  use  either  a  Calcomp  plotter,  a  Textronix 
CRT,  a  microfilm  or  35mm  film.  The  creation  of  the  final  report  graph¬ 
ics  is  most  often  accomplished  by  first  executing  the  display  on  a 
Tektronix  CRT  to  design  the  display,  and  the  plot  is  disposed  to  the 
plotter  or  35mm  film.  Some  applications  have  used  35mm  graphic  out¬ 
puts  to  create  color  separation  plates  for  color  printing. 

TECHNOLOGY  DEVELOPMENT,  MANAGEMENT  AND  TRANSFER 

Advanced  computer  technology  development,  implementation  and  ser¬ 
vicing  are  the  stock-in-trade  of  the  Hydrologic  Engineering  Center.  A 
method  for  successfully  functioning  in  this  arena  has  evolved  over  the 
years  that  generally  operates  as  follows:  a)  needs  for  new  methods  and 
procedures  surface  through  the  Center's  continual  contacts  with  field 
offices,  b)  research  and  development  work  is  performed  (normally  in 
the  production  environment)  to  solve  a  specific  problem,  c)  the  solu¬ 
tion  is  generalized  in  both  conceptual  and  geographical  scope  so  that 
it  may  service  other  users,  d)  high  quality  documentation  is  developed 
and  the  technology  readied  for  long  term  service  and  maintenance,  e) 
training  courses  are  held  and  consultation  projects  performed  that  grad¬ 
ually,  but  systematically,  move  the  technology  into  the  normal  stream 
of  work  efforts  in  the  Corps,  and  f)  continuing  development,  servicing 
and  maintenance  is  commenced  to  assure  timely  aid  to  all  potential 
users  and  to  guarantee  that  up-to-date  capabilities  are  continually  in¬ 
corporated. 

Observations  for  Systems  Developers  or  Users  Contacts 

Several  "truisms"  based  on  HEC's  experience  have  emerged  that  are 
applicable  to  the  development  and  implementation  of  spatial  data 
management  systems.  These  comments  are  most  applicable  to  the  organi¬ 
zational  unit  or  level  in  an  institution  (public  or  private)  who  are 
either  developing  new  systems  themselves  or  will  be  the  user  contact 
point  within  an  organization  that  is  charged  with  providing  service  to 
in-house  or  other  users. 

a)  Large  scale,  complex,  comprehensive  computer  programs  and 
systems  of  programs  are  dynamic  entitles  that  require  continuous  nur¬ 
turing  and  support  in  order  to  remain  viable  and  useful.  Such  computer 
software  needs  a  permanent  home;  an  institution  that  is  philosophically 
committed  to  the  improvement  in  procedures,  morally  committed  to  ser¬ 
vicing  and  improving  the  computer  programs,  competently  staffed  to 
perform  the  task,  and  available  on  call  to  users. 
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b)  Business-like  coaputer  program  code  generation  and  its  subse¬ 
quent  management  is  vital  for  the  software  to  be  portable  between  com¬ 
puter  systems.  As  a  general  guide,  use  of  special  purpose  languages 
that  are  proprietary  or  not  generally  supported  by  major  computer  In¬ 
stallations  should  be  avoided.  Adherence  to  ANSI  (American  National 
Standards  Institue)  standards  is  important  and  modern  modular  program¬ 
ming  practice  with  avoidance  of  machine  or  language  dependent  routines 
will  greatly  reduce  computer  source  code  maintenance. 

c)  Successful  implementation  of  advanced  concepts  requires  both 
useful  technology  available  in  appropriate  form  and  users  that  are  in¬ 
terested  and  anxious  to  take  advantage  of  technological  opportunities. 
It  is  important  in  early  stages  to  encourage  applications  that  are 
manageable  and  have  high  potential  for  success.  A  commitment  to  the 
service  attitude  and  genuine  interest  in  solving  the  users  specific 
problems  are  basic.  A  series  of  do's  and  do  not's  with  supporting  ex¬ 
planation  follows  which  attempts  to  define  a  framework  and  strategy 
for  software  implementation. 

*  Management  should  not  "require”  programs/concepts  to  be  used 
before  considerable  experience  and  shake  down  is  accomplished.  Noth' 
ing  kills  new  technology  like  forced  use  that  does  not  deliver  the 
solution  to  everyone's  problems .  No  new  technology  can  be  so  tightly 
developed  that  it  can  survive  an  environment  wherein  the  potential 
users  are  already  somewhat  negative  by  the  forced  approach.  A  prag¬ 
matic,  steady  gradual  introduction  will  likely  result  in  early,  mean¬ 
ingful  use  of  the  concepts  and  techniques.  NOTHING  DRAMS  USERS  LIKE 
SUCCESS,  NO  MATTER  HOM  SMALL. 

*  Avoid  (if  possible)  the  grand  "demonstration"  exercise.  Dem¬ 
onstrations  that  are  designed  to  sell  technology  often  get  too  many 
people  involved  (usually  promoter  types)  so  that  the  exercise  becomes 
so  important  that  the  outcome  ends  up  either  being  rigged  or  fails  be¬ 
cause  of  the  weight  of  so  many  observers.  Dissemination  of  basic  in¬ 
formation  and  publicizing  applications  is  a  valid  approach,  and  pro¬ 
vides  the  opportunity  to  learn  and  pursue  the  shake  down  process  de¬ 
scribed  above.  Incorporation  of  sessions  in  seminars,  general  meetings 
or  courses  that  cause  people  to  work  with  the  technology  provides  an 
excellent  vehicle  for  spreading  the  word. 

*  Work  WITH  users  to  solve  their  studies.  A  full  commitment  to 
solving  the  users  specific  problem  in  a  field  study  environment  is  per¬ 
haps  the  single  most  Important  facet  of  successful  technology  transfer. 
In  a  conceptual  sense,  an  approach  to  developing  advance  technology 
that  seeks  to  solve  specific  problems  in  a  real  world  setting  from 
which  the  general  elements  are  merged  into  a  continuously  growing  gener 
al  analytical  system  can  be  more  responsive  to  user  needs  than  an  ap¬ 
proach  that  sets  about  creating  the  grand  solution  and  then  attempts 

to  adapt  it  to  the  problems.  It  is  Important  to  recognize  that  it  is 
an  unusual  application  that  does  not  have  some  unique  aspects.  It  is 
strongly  suggested  that  early  implementation  efforts  be  directed  toward 
work  with  users  on  specific  studies. 

*  Carefully  select  manageable  studies  or  portions  of  studies  for 
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idea  that  nothing  draws  users  like  success,  no  matter  how  small.  The 
careful  selection  of  small  (in  scope)  well-defined  problems  that  pro¬ 
vide  the  opportunity  for  both  developers  and  users  to  learn  and  improve 
the  utility  of  the  programs  is  important.  It  should  go  without  saying 
that  a  poor  strategy  is  to  attempt  to  "solve  the  unsolvable"  as  the 
early  application  of  the  technology.  Ample  opportunity  to  work  on  dif¬ 
ficult  problems  (we  all  have  an  abundance  of  these)  will  be  present  at 
any  point  in  time;  build  some  experience  base  to  operate  from  before 
"going  for  broke."  A  series  of  small,  growing  to  more  comprehensive 
and  difficult  applications  over  time  is  the  desirable  strategy  for 
which  to  strive. 

*  Be  prepared  and  willing  to  perform  logic  and  program  code 
changes  as  a  normal  part  of  virtually  all  early  studies.  It  would 
be  somewhat  miraculous  if  developers  of  a  system  of  programs  could  have 
foreseen  all  the  potential  study  environments,  objectives,  data  avail¬ 
ability,  issues,  etc.  that  the  techniques  will  be  used  for.  Errors 
will  exist;  Murphy's  Law  operates  in  computer  programs  even  better  than 
in  complex  machinery.  The  attitude  and  ready  resources  to  make  the 
necessary  adjustments  will  reflect  the  commitment  to  a  "services"  ap¬ 
proach  to  implementation. 

Observations  for  Systems'  Users 

Spatial  data  management  systems  are  not  a  magic  panacea  that  will 
solve  all  planning  and  data  management  problems.  They  comprise  a  power¬ 
ful  analytical  tool  (and  a  bit  of  philosophy  about  how  to  do  a  job). 
Successful  use,  therefore,  requires:  a)  an  understanding  of  the  under¬ 
pinning  philosophy,  b)  thorough  understanding  of  the  strengths,  weak¬ 
nesses,  and  potential  of  the  analytical  capabilities  and,  c)  a  clear 
perception  of  the  applications  to  be  made.  For  example:  By  whom?  For 
what  purpose?  As  a  service  to  whom?  Over  what  time  period? 

The  successful  system  user  is  the  person,  study,  institution, 
etc.,  that  has  been  (or  is)  confronted  with  a  problem,  has  been  strug¬ 
gling  with  it  for  sometime  and  who  has  come  to  recognise  that  it  could 
be  at  least  partially  dealt  with  by  the  availability  of  a  centralised 
spatial  data  management  aystem.  The  unsuccessful  user  (person,  study, 
institution)  has  likely  been  introduced  to  the  concepts  and  operational 
features  of  spatial  data  management,  and  is  convinced  that  It  must  sure¬ 
ly  have  value,  especially  if  appropriately  used  by  others  in  the  organi¬ 
zation,  (e.g.,  management  is  "upgrading"  methods  of  performing  missions 
of  the  organization) .  With  these  polar  positions  defined,  a  few  com¬ 
ments  are  offered  below. 

a)  Know  your  problems /needs  in  detail  prior  to  examining  spatial 
data  management  systems.  There  is  a  significant  tendency  for  potential 
users,  especially  those  who  are  not  highly  computer  oriented,  to  some¬ 
how  end  up  with  their  problems  becoming  defined  by  the  performance 
capabilities  of  a  particular  system.  This  results  in  a  reverse  ap¬ 
proach  to  acquiring/developing  high  technology  solutions  to  one's 
problems. 
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b)  Determine  how  you  will  solve  your  problems  (or  make  applicnt 
ions)  irrespective  of  the  capabilities  of  the  existing  systems. 

Spatial  data  management  systems  and  their  beneficial  applications  re¬ 
quire  considerable  commitment  of  resources,  both  dollars  and  manpower. 
It  behooves  the  potential  user  to  make  certain  that  these  resources  are 
effectively  used  to  accomplish  the  objective  that  generated  the  search 
for  the  technology. 

c)  Be  aware  that  there  are  very  great  differences  between  auto¬ 
mated  drafting,  spatial  data  systems  and  data  used  primarily  for  map¬ 
ping  and  statistics— what  many  refer  to  as  "GIS's,"  and  spatial  data 
systems  and  data  that  are  usable  for  engineering  type  applications. 

One  of  the  more  perplexing  aspects  of  HEC's  endeavors  has  been  that 
of  dealing  with  others  who  equate  being  able  to  reproduce  a  map  or 
map  feature  by  a  computer  driven  device  with  the  greater  technologi¬ 
cal  needs  and  capability  of  developing  usable  data  files  and  analy¬ 
sis  programs.  Automated  drafting  systems  are  designed  to  produce 
drawings — not  analytically  usable  data  files.  Most  CIS  systems  fo¬ 
cus  on  placing  data  in  computer  files,  retrieving  the  data  and  per¬ 
forming  simple  (overlay)  type  analysis  and  producing  graphics. 

Systems,  such  as  HEC-SAM  and  ADAPT  (paper  by  Dr.  Males,  W.  E.  Gates 

&  Associates),  have  their  primary  focus  on  engineering/analytical 
analysis  with  the  spatial  data  file  as  an  intermediate  (although 
critical)  step  in  the  analysis  features. 

d)  Thoroughly  investigate  features  and  capabilities  of  alterna¬ 
tive  systems.  Spatial  data  systems  can  come  in  integrated  hardware- 
software  arrangements,  systems  software  alone,  or  Just  specific  task 
oriented  software.  Important  Issues  Involved  are  propriety  of  system 
(license?  owner  user  only?  other?),  specialized  nature  of  hardware 
(availability  of  service,  parts,  etc.),  software  "package"  (coding  stan 
dards/philosophy?  specialized  coding  languages?  documentation?  ser¬ 
vice?  training?  installation?)  and  compatibility  with  existing/fu¬ 
ture  equipment /people.  It  should  be  apparent  that  what  is  right  for 
the  fellow  down  the  block  may  or  may  not  be  relevant  to  your  needs. 

e)  Do  not  expect  magic.  Systems  are  put  together  by  people  and 
work  products  are  very  machine  performance  dependent.  While  one  should 
prudently  seek  a  system  that  has  a  track  record  of  minimum  difficulties 
it  is  best  to  plan  for  at  least  some  difficulties  and  be  flexible. 

Start  up  should  be  well  planned  and  attended. 

f)  Willingly  commit  the  personnel  resources  to  make  the  system 
your  own.  Without  question,  the  major  shortcoming  in  the  effective 
utilization  of  comprehensive  data  management  systems  has  been  the  un¬ 
willingness  of  potential  users  to  devote  adequate  time  and  energy  to 
"own"  the  system  in  an  applications  sense.  These  systems  are  suffi¬ 
ciently  sophisticated  (and  expensive)  that  continuous  use  and  famlllar- 
ty  by  the  users  will  be  needed  to  make  the  Investment  pay  off. 

f)  Continuously  ask  questions  of  the  developers/ servicers,  probe 
the  limits  of  capabilities,  and  presume  a  normal  feature  of  sophisti¬ 
cated  complex  systems  is  that  they  should  be  continually  adapted  and 
augmented  over  time.  A  system  frozen  in  capability  from  installation 
date  is  one  that  will  soon  be  unresponsive  to  needs  of  the  users. 
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SUMMARY  AND  CONCLUSIONS 


The  HEC-SAM  system  evolved  from  a  need  within  the  Corps  to  manage 
spatial  data  in  a  systematic  way  to  achieve  an  increased  level  of  analy¬ 
sis  capability  for  planning  studies.  The  system  includes  capabilities 
to  create  and  maintain  spatial  data  files,  retrieve  and  display  file 
contents,  and  link  data  sets  to  sophisticated  computer  models.  The 
system  is  continuing  to  be  improved  and  augmented  and  will  certainly  be¬ 
come  a  more  integral  part  of  Corps'  planning  studies.  The  system  is 
comprised  of  software  acquired  from  private  sources,  from  other  govern¬ 
mental  agencies  and  from  in-house  development  efforts.  Comprehensive 
spatial  data  management  systems  require  carefully  managed  continuing 
technology  development  and  transfer  actions  to  benefit  the  users  and 
maintain  their  utility  over  time. 
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the  time  when  HEC-SAM  was  created. 
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